The Ni-Cu-(PGE) mineralization at Rožany is located in the northern part of the Bohemian Massif and it is hosted by gabbroic dykes (dolerites) cross-cutting the granitic Lusatian Granitoid Complex. The intrusion of dolerite is newly well constrained by in-situ LA-ICP-MS U-Pb zircon age of 349 ± 3 Ma (2σ), which is much younger than previous K-Ar and Pb-Pb data. The barren dolerites are characterized by high enrichments of some incompatible elements (e.g., LREE, Zr, Sr) and radiogenic Os isotopic composition suggesting their derivation from enriched (metasomatized) mantle source, possibly due to subduction processes. The mineralization itself is represented by pyrrhotite, chalcopyrite and pentlandite; the latter is commonly replaced by violarite most likely due to late-stage hydrothermal alteration. The origin and formation of at least some platinum-group minerals was probably closely associated with late-stage hydrothermal processes, causing remobilization of platinum-group elements from the primary base-metal sulphides. The Ni-rich ores exhibit the highest I-PGE (Os, Ir, Ru) concentrations whereas Pd and Pt tend to be enriched in Cu-rich ores. Observed variations in Re-Os isotopic compositions of the massive and disseminated ore types from the Rožany expressed by highly variable initial (349 Ma) γOs values of +50 to +134 in part indicates important, but variable amounts of incorporated crustal material. However, very similar 187
ore mineralizations were described by Bernard (1991) . Magmatic Ni-Cu-(PGE) ores were identified at three localities -Staré Ransko (e.g., Pokorný 1969; Pašava et al. 2003) , Rožany/Kunratice (e.g., Vavřín and Frýda 1998; Pašava et al. 2001) and Svitavy (Kopecký 1992; Pašava et al. 2007) .
The Ni-Cu-(PGE) mineralization at Rožany occurs in the Lusatian Granitoid Complex. It is characterized by low-grade Ni-Cu sulphide ores, which are hosted by gabbroic dykes (dolerites), but also form impregnations in the surrounding granitic rocks. In the 15 th century, Rožany deposit was important source of copper, and in the 17 th century it was mined for Ni. The last geological exploration in 1960s showed that contents of the Ni and Cu in ores have negative balance character. However, fairly recent discovery of platinum-group mineralization (Vavřín and Frýda 1998) indicates that the Rožany deposit could become a potential source of PGE in the future. Therefore, it is important to learn more on the character, formation and evolution of the host rocks and the PGE mineralization itself.
Introduction
Mantle-derived mafic to ultramafic rocks (peridotites, gabbros, komatiites, basalts) represent important source of platinum-group (PGE) and chalcophile (e.g., Ni, Cu, Zn) elements (Crocket 2002; Naldrett 2010) . At many places worldwide, PGE deposits are located in variable tectonic settings with common association with chromitite reefs, Ni-Fe massive sulphides and/or magnetites (Naldrett 2010). The Ni-Cu-(PGE) mineralizations are predominantly connected with mafic rocks such as flood basalts (Norilsk; Naldrett 2010), komatiites (Kambalda; e.g., Lesher et al. 1984) or gabbroic cumulates within layered intrusions (Bushveld -e.g., Cawthorn et al. 2002; Sudbury -e.g., Lightfoot and Doherty 2001) .
The Bohemian Massif is the easternmost and largest exposure of the Variscan orogenic belt in Europe, which is known for its numerous Au, Sn-W, U and base-metal as well as rarer Ni-Cu mineralizations located in different geotectonic units. Based on geological, mineralogical and economic geology data, more than 120 types of The ores are characterized by predominant occurrence of pyrrhotite, chalcopyrite, minor Fe-Ni sulphides (violarite, pentlandite) and rare pyrite with galena (Pašava et al. 2001) . The mineralization occurs directly in the dolerite dykes and/or on the contact between dolerite and host granites. It consists of several ore types including (a) massive pyrrhotite-pentlandite ore, (b) massive pyrrhotite-chalcopyrite ore and (c) disseminated ore. Within these types, Pt-Pd-As-Te mineralization represented by unnamed Pd-bearing tellurides [Pd 2 (Ni,Fe) Pašava et al. 2001) .
In this paper, we present sulphide petrography of the massive and disseminated ores together with their chalcophile/siderophile element geochemistry and Os-S isotopic compositions. We also bring new mineralogical data on the platinum-group minerals (PGM) and on geochemistry and U-Pb zircon geochronology of the host dolerite. Based on these findings, we provide better constraints on the nature, conditions and evolution of sulphide mineralization at Rožany deposit and its temporal relationship to the host Lusatian Granitoid Complex.
Geological setting and samples
The Bohemian Massif formed during collision of Gondwana, Laurussia and associated microcontinents during the Late Paleozoic (e.g., Matte 2001) . Four major tectonics zones can be distinguished within Bohemian Massif: the Saxothuringian, the Teplá-Barrandian, the Moldanubian and the Moravo-Silesian (Schulmann et al. 2009 ). The Rožany deposit is situated in the northernmost part of the Bohemian Massif, which belongs to the Saxothuringian Zone (Fig. 1 ). This area NE of the Elbe tectonic zone ( Fig. 1 ) has been traditionally called the Lusatian Unit or Western Sudetes (e.g., Kosmatt 1927) . It consists of Cadomian basement represented by metamorphosed Neoproterozoic sediments and granitic rocks, overlain by a Palaeozoic (Cambrian to Carboniferous) overstep sequence (Linnemann et al. 2008) . The NE part of the Lusatian Unit is represented by the Lusatian Block (Fig. 1) which consists of (i) Lusatia-Leipzig Greywacke Complex associated with Torgau-Doberlug syncline, and (ii) Lusatian Granitoid Complex (Linnemann et al. 2008 ).
Lusatia-Leipzig Greywacke Complex
This unit is classified as Cadomian retro-arc basin characterized by monotonous, deep-marine sections of turbidites (greywacke and mudstone couplets) accompanied by conglomerates. The U-Pb geochronology of detrital zircon grains from the Lusatia-Leipzig Greywacke Complex indicates that they are younger than 555 ± 9 Ma (Linnemann et al. 2004) with maximum age of deposition of 543 ± 4 Ma obtained for a youngest zircon generation found in the conglomerate (Linnemann et al. 2007 ).
Lusatian Granitoid Complex
The Lusatia-Leipzig Greywacke Complex was intruded by voluminous granitic intrusions forming the large (100 × 50 km) Lusatian Granitoid Complex (LGC) of ~590-500 Ma age (U-Pb zircon dating - Kröner et al. 1994; Linnemann et al. 2000; Dörr et al. 2002; Tichomirowa 2002; Białek et al. 2014) . The LGC formed most likely by melting of the Lusatia-Leipzig Greywacke Complex as the granites contain abundant inherited zircons of matching age. Three main types of granitic rocks can be distinguished: (1) twomica and biotite granodiorite (~590-550 Ma) predominantly occurring at SW part of the LGC, (2) amphibole-biotite granodiorite and monzogranite (~530-520 Ma) forming most of the central part of the LGC and (3) the Rumburk granite and its metamorphic equivalent represented by the Jizera orthogneiss (~500 Ma: Oberc-Dziedzic et al. 2009 Żelaźniewicz et al. 2009 ) forming the eastern part of the LGC.
In the Cambrian, exhumation of the LGC started with tectonic segmentation accompanied by the origin of depressions and elevations, appearance of the first faults and beginning of denudation of the whole area. The last magmatic activity in the LGC was related to Variscan orogeny. The LGC is characterized by the abundance of dykes with compositions ranging from acidic to basic. The mafic dykes (dolerites) form dyke swarm of ~W-E direction ( Fig. 1) concentrated in faults or fissures; its composition varies from quartz diorite to olivine gabbro (Cháb et al. 2010) . Ages of these dykes are poorly constrained with reported K-Ar and Pb-Pb ages ranging from 400 to 265 Ma (Kramer 1977; Kozdrój et al. 2001; Kindermann et al. 2003) . The Rožany locality is situated in the Lipov-Rožany granodiorite with the age of 462-501 Ma (Rb-Sr geochronology; Borkowska et al. 1980) with petrogenesis similar to the Rumburk granite.
Analytical methods
Studied samples were collected from Rožany deposit at two old nearby quarries (location of the first quarry: N 51°2.09'; E 14°27.08', of the second: N 51°2.05'; E 14°27.87') during two field campaigns in 2014-2015. In total, six samples of massive ores, two samples of disseminated ores and one sample of barren dolerite (the last also for U-Pb dating) have been selected from a large sample collection.
Trace-element analyses
Trace-element (lithophile and chalcophile elements) concentration measurements in dolerites and ore samples were carried out using an Element 2 sector field ICP-MS (Thermo-Finnigan) housed at the Institute of Geology of the Czech Academy of Sciences (IG CAS), Prague. To prevent As loss, decomposition of sulphide-rich samples (~100 mg) was performed in Teflon vials with mixture of 3 ml HNO 3 , 1 ml HCl and 1 ml HF using Micro- wave Accelerated Decomposition System (Milestone). The residual solution was mixed with 10 ml of H 3 BO 3 saturated solution and decomposed again in microwave system. The final solution was diluted for ICP-MS measurements. Calibration was carried out with an aqueous multi-element solutions (EPond, Switzerland) and 115 In as internal standard for correction of instrumental drift. Trace elements such as REE, Rb, Sr, Cs, Ba, Y, U, Th, Pb, Zr, Hf and Nb were measured in low (m/Δm = 300) resolution modes whereas Sb, Te, Bi, As, Se, V, Cr, Co, Ni, Zn and Cu were measured in medium (m/Δm = 4000) resolution mode. The in-run precision of the analyses was typically better than 1 % for all analysed elements. The accuracy of the trace-element analyses was checked against BCR-2 (USGS) and WMS-1 (Canmet) reference materials, respectively, yielding deviation of up to 15 % except As and Se with deviation of -20 % with respect to certified values.
Modal sulphide compositions and platinum-group minerals analyses
Modal sulphide composition in the samples was obtained by automated mineralogy approach (Gottlieb et al. 2000; Smith et al. 2013) Pt spikes and digested in pre-cleaned Carius Tube using 4 ml concentrated HCl and 5 ml concentrated HNO 3 at 260 °C (sulphides at 230 °C) for ~72 hours (Shirey and Walker 1995) . After decomposition, osmium was extracted from aqua regia solution into CHCl 3 , back-extracted into 4 ml of concentrated HBr and dried (Cohen and Waters 1996) . The Os fraction was purified by microdistillation, using CrO 3 and HBr (Birck et al. 1997) .
In order to ensure full extraction of rhenium and Ir, Ru, Pd and Pt from the dolerite sample, remaining undecomposed silica-rich residue was treated by desilicification procedure using HF-HCl mixture following Dale et al. (2008) and Ishikawa et al. (2014) . Then, the Ir, Ru, Pd, Pt and Re from desilicified and sulphide-fractions were separated by anion exchange chromatography using AG 1 × 8 resin (BioRad).
Osmium concentrations and 187 Os/ 188 Os ratios were obtained by N-TIMS technique (Creaser et al. 1991; Völkening et al. 1991) Iridium, Ru, Pt, Pd and Re concentrations were determined using sector field ICP-MS (Element 2, Thermo Scientific, Germany) at the IG CAS. The internal precision was always better than 0.3%. Isotopic fractionation was corrected for by linear law and measurements of natural Ir, Ru, Pt and Re standard solutions. The total procedural blanks were 0.1 pg for Os, 3 pg for Ir, 2 pg for Ru, 11 pg for Pt, 9 pg for Pd and 2 pg for Re. Accuracy of the method was checked by the analyses of TDB-1 diabase reference material (CANMET, Canada) yielding values similar to that presented by Ishikawa et al. (2014) .
Sulphur isotopic analysis
Sulphides were oxidized by CuO to SO 2 at 800 °C according to the procedure described by Grinenko (1962) , and released SO 2 was then measured on a Finnigan MAT 251 mass spectrometer at the CGS. The S isotope ratios are reported in the standard δ notation (in per mil), expressed relative to the CDT and V-PDB standards. Precision and accuracy of the δ 34 S data is ± 0.2‰ as determined by repeated analyses of the CDT international standard.
U-Pb zircon geochronology
Approximately 35 kg sample of the dolerite ROZ1 was used for the zircon separation. Zircon grains were extracted using conventional mineral separation techniques (jaw crushing, Wilfley concentration table, and finally, magnetic and heavy liquid separations). Handpicked zircon grains were mounted in one-inch epoxy-filled blocks and polished. Internal zircon structure, zoning patterns and possible presence of older inherited components in individual grains was checked by cathodoluminescence (CL) imaging using scanning electron microscope Tescan Mira 3GMU at the CGS.
An Element 2 high-resolution sector field mass spectrometer (Thermo Scientific) coupled with a 213-nm NdYAG UP-213 laser ablation system (New Wave Research) at the IG CAS was used to acquire the Pb/U isotopic ratios. Samples were ablated in an in-house small-volume ablation cell, construction inspired by a conception of Kooijman et al. (2012) . The laser was fired at a repetition rate of 5 Hz, using a spot size of 30 μm and a fluence of ~ 4-5 J/cm 2 . Acquisitions for all measured samples consisted of a 35 s measurement of blank followed by U and Pb signals from zircons for another 40 s. Data were collected for masses 204, 206, 207, 208, 232 and 238 using both analogue and ion counting modes of the SEM detector, one point per mass peak and relevant dwell times per mass of 10, 15, 30, 10, 10 and 15 ms. The sample introduction system was modified using Y-piece tube attached to the back end of the plasma torch and connected to the helium gas line carrying the sample from the laser cell. The Hg impurities in the carrier He gas, which can cause isobaric interference of 204 Hg on 204 Pb, were reduced by using in-house made gold-coated sand trap. The relative contribution of common Pb to total Pb was less than 0.1 % and, therefore, no common Pb correction was applied to the data. Elemental fractionation and instrumental mass bias were corrected by normalization of internal U-Pb calibration zircon standard 91500 (1065 Ma; Wiedenbeck et al. 1995) and reference natural zircon standard GJ-1 (609 Ma; Jackson et al. 2004, 603 Ma; Kylander-Clark et al. 2013 ) periodically analysed during the measurement. The obtained concordia ages of these standards 1065 ± 2 Ma (2σ) and 607 ± 1 Ma (2σ) correspond well within the errors to published zircon standards ages. Raw data reduction and age calculations, including corrections for baseline, instrumental drift, mass bias and down-hole fractionation, were carried out using the computer program Iolite (v. 3.0; Paton et al. 2011) . The U-Th-Pb isotopic data and zircon ages shown in conventional concordia diagram (Fig. 2) were also generated by the same software with VizualAge add-in (Petrus and Kamber 2012) . For the data presented here, blank intensities and instrumental bias were interpolated using an automatic spline function while down-hole interelement fractionation was corrected using an exponential function.
Results

Petrography and trace-element composition of dolerites
The Rožany dolerite shows sub-ophitic texture dominantly consisting of amphibole and plagioclase mak- ing up to 90 vol. % of the total minerals (Fig. 3a) . Additionally, subordinate amounts of clinopyroxene and biotite (< 5 vol. %) are present. Brown amphibole typically forms tabular and/or anhedral grains up to 1 mm in length. Plagioclase is strongly replaced by sericite and chlorite. Opaque minerals are represented by abundant ilmenite and magnetite accompanied by pyrrhotite. Needle-like apatite forms common accumulations associated with plagioclase. Among other accessory minerals, zircon, baddeleyite, thorite and titanite were identified. Trace-element abundances in the barren dolerites are given in Tab. 1 whereas rare-earth element (REE) and multielement trace-element patterns, both normalized to Primitive mantle (McDonough and Sun 1995) , are shown in Fig. 4 . Studied dolerites exhibit light rare element (LREE)-enriched patterns with high La N /Yb N ratios of ~ 16.7 and no Eu anomaly. Extended trace-element patterns show enrichment in all incompatible elements with respect to primitive mantle, notably Rb, Nb, U, Th and Sr but markedly negative Pb anomaly (Fig. 4) . No fractionation was observed between Zr and Hf.
Zircon U-Pb geochronology
Unfortunately, only a limited number of zircons was successfully extracted from the sample ROZ1 and dated using laser-ablation ICP-MS U-Pb analysis (Tab. 2, Fig. 2) . Most of the studied grains are typical morphological zircon populations: clear prismatic (euhedral to needle-like, Fig. 5a ), pale brown prismatic-stubby (Fig. 5b) or equant-oval (Fig. 5d) grains. Cathodoluminescence images (CL) show several types of magmatic zoning. Partially preserved complex oscillatory growth zoned zircons are penetrated by zones of recrystallization (Fig. 5e) , while some larger stubby grains consist of oscillatory-zoned zircon surrounding unzoned xenocrystic cores (Fig. 5a ). U-Pb zircon dating of sample ROZ1 yielded concordant ages between c. 338 Ma and 352 Ma (Tab. 2) and weighted mean concordia age of 349 ± 3 Ma (2σ; four analyses; Fig. 2 ) that is interpreted as timing the intrusion. Excluded from this calculation were two zircon analyses (dashed ellipses on Fig. 2 ) that are discordant. The lead loss, possibly associated with considerable fluid movement subsequent to magmatic crystallization, is the most likely explanation of their discordant composition. We have also detected two inherited zircon cores, which are not visualized on concordia diagram, that yielded concordant ages of c. 600 and 650 Ma, respectively. The studied grains have Th/U ratios (Tab. 2) of 0.3-1.4 (average 0.6) similar to magmatic zircons that are usually characterized by Th/U > 0.5 (Hoskin and Schaltegger 2003 and references therein).
Sulphide petrography, modal compositions and platinum-group minerals
The Ni-Cu ore is composed of large (3-5 mm), irregular and brecciated pyrrhotite flakes enclosing silicates and anhedral grains of magnetite-ilmenite with high degree of fragmentation and disorientation (Fig. 3b) .
Resorption is very common along the silicate-pyrrhotite boundaries. Pentlandite forms small (< 0.3 mm) rounded grains enclosed in pyrrhotite, which are commonly replaced by violarite (Fig. 3c) . Violarite also forms thin vein-lets penetrating large pyrrhotite flakes. Chalcopyrite is rare, but if present, it is concentrated on the rims of large pyrrhotite flakes and/or forms individual small, highly resorbed patches (< 0.3 mm) within silicates.
No exsolution lamellae and/or flames were observed in any of the studied sulphide phases. The Cu-Ni ore shows similar texture but differs by the predominance of chalcopyrite over pentlandite. The latter mineral is commonly replaced by violarite forming brecciated texture. Chalcopyrite typically forms millimetre-sized irregular fillings and equant grains within large pyrrhotite grains (Fig. 3d) or pyrrhotite-chalcopyrite intergrowths less than 1 mm across. In some pyrrhotite grains, very thin (< 10 µm) exsolution lamellae of pentlandite were The PGM phases were usually detected in sulphides (predominantly in pyrrhotite and/or in chalcopyrite) and at the sulphide-silicates grain boundaries. Our detailed SEM study confirms common presence of sperrylite (Fig. 6a) . Moreover, it also revealed moncheite [(Pt,Pd) (TeBi) 2 ] grains ( Fig. 6b-c) with elevated Fe and Ni contents (Tab. 4), and michenerite [(Pd)BiTe; Fig. 6d -e] with sometimes high Sb contents (e.g., up to 12.2 wt. %; Tab. 4) as common Pd-and Pt-bearing phases. Additionally, possible yet unknown Pt-As-Te phase (Fig. 6f ) was identified; however, its composition (Tab. 4) may also be explained as a mixture of sperrylite and some Pt-Te phase (e.g., moncheite) which cannot be resolved due to its very small size. Automated SEM detection revealed that these PGM are located not only within all base-metal sulphides, but also in matrix silicates (e.g., Fig. 6b , e-f).
Trace elements in Rožany ores
Studied samples show variable concentrations of trace elements (Tab. 5). The samples of massive ores contain higher concentrations of Ni (1.0-1.9 wt. % and 0.3-0.8 wt. % for Ni-Cu and Cu-Ni ores, respectively) than the disseminated ores (0.8-0.9 wt. %). Similarly, the Cr and Co concentrations are generally higher (525-831 ppm and 190-608 ppm, respectively) in massive than in disseminated ores (470-609 ppm and 31-341 ppm, respectively). The massive ores are also characterized by relatively variable concentrations of Cu ranging from very high in Cu-Ni types (1.5-2.1 wt. %), through intermediate in disseminated ores (0.5-0.7 wt. %) to the lowest in massive Ni-Cu ores (0. 
Platinum-group elements and rhenium concentrations
Generally, the highest contrast in platinum-group element (PGE) and rhenium contents is between two types of massive ores (Tab. Os ratios of massive Ni-Cu ores are very homogeneous (11.9-12.5), whereas the disseminated ore and barren dolerite yield much lower (3.56) and higher (32.6) ones, respectively. The γOs values at 349 Ma (calculated using chondritic composition of Shirey and Walker 1998) range from +5.6 for barren dolerite to highly radiogenic values in ores (from +50 to +134) with the highest values found in massive Ni-Cu ores.
Osmium and sulphur isotopic compositions
Sulphur isotope data for pyrrhotite and chalcopyrite from massive Cu-Ni ores are given in Tab. 6. Overall, all analysed sulphides yield rather homogeneous δ 34 S values in the range of -2.7 and +0.1 ‰ with no resolvable difference between different types of ore and/or sulphide mineral. 
Discussion
Constrains on the age and magma sources of the barren dolerite
The age of gabbroic dykes in the Lusatian Granitoid Complex has been poorly constrained by whole-rock K-Ar and single zircon evaporation Pb-Pb methods at ~390-400 Ma (Kramer 1977; Kindermann et al. 2003) .
On the other hand, the Lusatian lamprophyric dykes gave Ar-Ar ages on amphibole of 325.5 ± 2.9 Ma and 336.7 ± 3.9 Ma (Abdelfadil et al. 2013 ). In contrast, our new in-situ U-Pb zircon data for the Rožany dolerite yield the age of 349 ± 3 Ma which is much lower than previous K-Ar/Pb-Pb data. The reason for the discrepancy between the existing Pb-Pb and our new U-Pb zircon data can be associated with the detected inherited zircon cores (~600 and 650 Ma) and/or zircon modification by hydrothermal alteration, effects of which are visible in the CL images. Therefore, our in-situ data should be considered more reliable and obtained age suggests rather closer temporal relationship of dolerite dykes to lamprophyres in the Lusatia.
Chemical composition of barren dolerites can provide important insights into the composition of parental basaltic magma sources. When compared to the Primitive mantle, the Rožany dolerites are characterized by high degree of LREE enrichment (La N /Yb N ~16.7) and absence of Eu anomaly. In combination with the observed enrichment in other incompatible trace elements (e.g., Rb, Sr; Fig. 4 ), this suggests derivation of the parental magmas from enriched (metasomatized) mantle source.
Mafic dykes of gabbroic composition presumably derived from subduction-related metasomatized mantle are common in Lusatia. Even though they are accompanied by calc-alkaline lamprophyres (Abdelfadil et al. 2013) , they show rather tholeiitic compositions with much lower levels of incompatible elements (e.g., LREE-MREE, Ba, Sr, Nb) than the Rožany dolerites. In comparison, composition and mineralogy (e.g., predominant amphibole, accessory apatite) of studied dolerites from Rožany are rather similar to the calc-alkaline lamprophyric dykes (Abdelfadil et al. 2013 ) suggesting different mantle source and/or degree of crustal contamination when compared to other gabbroic dykes in the area. More extensive dataset for barren dolerites would be needed for a modelling of assimilation-fractional crystallization process. Nevertheless, as Re-Os isotopic compositions of mantle-derived magmas are very sensitive to crustal contamination (e.g., Shirey and Walker 1998), they have a potential to distinguish between enriched mantle source and high-level of melt contamination which should result in highly radiogenic γOs. Using zircon U-Pb age of 349 Ma leads to initial γOs value of +5.6 which is very similar to the present-day Enriched Mantle reservoir 2 with γOs of +7.1 (Shirey and Walker 1998 derivation of Rožany dolerites from subduction-related upper mantle, which is in agreement with conclusions of Abdelfadil et al. (2013) .
The origin of PGE mineralization and Re-Os isotopic signatures
The Rožany-Kunratice mineralization represents a Ni-Cu-(PGE) magmatic/hydrothermal deposit associated with mafic rocks with mineralogy similar to other PGE deposits worldwide (e.g., Cawthorn et al. 2002; Farrow and Lightfoot 2002; Komarova et al. 2002 and references therein). Association of base-metal sulphides represented by pyrrhotite, pentlandite and chalcopyrite is typical of magmatic sulphides formed by the separation of sulphur-saturated melts at the final stages of parental melt differentiation. In other words, it is very likely that crystallization of silicate minerals (including zircon) and sulphides was nearly contemporaneous. Presence of violarite can be attributed to either supergene and/or hydrothermal alteration of pentlandite (Tenailleau et al. 2006) or this mineral may have formed as a primary exsolution phase from pentlandite (Grguric 2002) . At Rožany-Kunratice, violarite clearly replaces pentlandite grains and/or forms secondary veinlets in large pyrrhotite grains. This suggests important role of hydrothermal activity, which was also most likely responsible for the origin of very common resorbed rims of all observed base-metal sulphides (e.g., Fig.  3b-c) . As shown above, the PGM from Rožany are not only enclosed in all identified base-metal sulphides, but they are also very common in silicate matrix minerals such as amphibole and/or chlorite. This indicates that also formation at least some of the PGM was closely associated with late-stage hydrothermal processes and they may be the products of the remobilization from the primary base-metal sulphides and/or their enclosed PGM. Further evidence for late-stage remobilization of sulphides is presence of thin pyrite-bearing veinlets cross-cutting main base-metal mineralization and impregnations of carbonate and quartz associated with hydrothermal alteration of primary silicate minerals (Pašava et al. 2001) . Association of individual PGE with different ore types is illustrated in Fig. 8 . The I-PGE contents positively correlate with Ni values and abundances of Fe-Ni sulphides (not shown), but negatively with the Cu contents. The absence of I-PGE-bearing minerals within the PGE mineralization indicates that the I-PGE were most likely concentrated in Ni-bearing sulphides in the form of solid solution. For example, pentlandite can accommodate I-PGE at tens of ppm levels (e.g., Godel et al. 2007 ). In comparison, Ni-rich ores contain the lowest Pt-Pd contents whereas Cu-Ni ores tend to be richest in Pt and Pd. Except one sample, Pt-Pd contents broadly correlate with chalcopyrite modal abundance. When taking into account the common presence of Pt-and Pd-bearing minerals, it seems that Pt and Pd budgets are predominantly controlled by their own phases combined with a limited role of chalcopyrite.
The nature and source of PGE can be best examined via Re-Os isotopic compositions. The studied suite of massive and disseminated ores shows highly variable 187 Os/ 188 Os contrasting with mutually well comparable 187 Re/ 188 Os (except one value; Tab. 5). This results in highly variable γOs (349 Ma) values of +50 to +134. The magnitude and variability of these values clearly argue for a significant contribution of crustal material to parental melts as described also from other Ni-Cu-(PGE) deposits worldwide (e.g., Sudbury - Morgan et al. 2002; Pechenga -Walker et al. 1994) . However, the observed 187 Os/ 188 Os compositions cannot come from a heterogeneous mantle source (very radiogenic γOs found in comparison to all mantle reservoirs) or reflect crustal contamination prior to the intrusion which would lead to uniform enrichment of 187 Os in the resulting melt (Walker et al. 1994 ). In addition, sulphur isotopic data for major sulphides (pentlandite, chalcopyrite, and pyrrhotite) show a narrow range of δ 34 S from -2.7 to +0.1, which is similar to world-class sulphur-poor Ni-Cu-(PGE) deposits (e.g., Bushveld, Stillwater) and/ or Sudbury (Ripley and Li 2003) . These values argue for a homogenous source of mantle-derived magmatic sulphur without obvious mixing with external sources (e.g., granites and/or sediments). Crystallization of mafic, sulphur-saturated melt in a closed system should lead to isochronous Re-Os relationship among samples within the studied suite. In turn, scattered variation between 187 Re/ 188 Os and 187 Os/ 188 Os for all rocks studied here (Fig. 9a) suggests either variable amounts of crustal material assimilated or modification of Re-Os systematics during post-emplacement hydrothermal alteration. If barren dolerite and surrounding Lusatian granitoids are considered to be representative of a parental melt and assimilant, respectively, their interaction should lead to development of a well-defined mixing trend in Os-γOs space as continental crust has typically very low Os content paralleled by very high γOs (e.g., Esser and Turekian 1993; Peucker-Ehrenbrink and Jahn 2001). In contrary, an opposite, rather scattered trend can be rec- (Walker et al. 1994 (Walker et al. , 2007 or dehydration (Becker 2000) . Taking into account several observations described above giving the clear evidence for late-stage hydrothermal alteration, variable Re loss is the most viable explanation for the observed Re-Os compositions of the Rožany ores.
Comparison with other Ni-Cu-(PGE) mineralizations of the Bohemian Massif
In the Bohemian Massif, three occurrences of Ni-Cu-(PGE) mineralizations have been described so far. They are located in the Variscan Ransko gabbro-peridotite massif (e.g., Mísař 1974; Pašava et al. 2003; Ackerman et al. 2013) , the Svitavy ultramafic complex (e.g., Kopecký 1992; Pašava et al. 2007 ) and Kunratice-Rožany dolerites (Pašava et al. 2001 ; this study). All these mineralizations are characterized by the strong predominance of P-PGE over I-PGE at high, but variable Pd/Pt ratios of 1.4 to 36, which is typical of magmatic-hydrothermal PGE deposits associated with base-metal sulphides (pyrrhotite, pentlandite and chalcopyrite). Analysed massive and disseminated ores from Rožany have total PGE contents of 0.15-0.20 g/t which is similar to Svitavy (Pašava et al. 2007 ), but much lower than Ransko where the richest samples yield almost 1 g/t (Pašava et al. 2003) . The differences between the Ransko and Rožany-Kunratice mineralizations can be also recognized in the presence of different PGM. At Ransko, the PGE mineralization is bound to PtAs 2 (sperrylite), PdBiTe (michenerite) and PdBi 2 (froodite). In comparison, the Rožany-Kunratice PGE mineralization is characterized by the presence of Pt-As and Pt-Te (moncheite) as the main Pt carriers, whereas Pd is bound to Pd-Bi-Te and Pd-Ni-Bi-Te phases (this study and Pašava et al. 2001) . These differences most likely reflect distinct source of Variscan parental magmas (primitive tholeiitic melts at Ransko and enriched alkaline intraplate melts in the Lusatian Granitoid Complex - Abdelfadil et al. 2013 ) and melt differentiation.
Conclusions
The Ni-Cu-(PGE) mineralization at Rožany (northern Czech Republic) is hosted by dolerite dykes cross-cutting Lusatian Granitoid Complex of Cadomian age. New insitu LA-ICP-MS U-Pb zircon data for Rožany dolerite yield an age of 349 ± 3 Ma, which is much lower than previous K-Ar and Pb-Pb ages of ~400 Ma. The reason for this discrepancy is most likely the observed presence of inherited zircon cores and/or zircon recrystallization/ partial dissolution during late-stage hydrothermal processes. Trace-element and Re-Os isotopic composition of barren dolerites suggest derivation of the parental magmas from enriched (metasomatized) mantle source possibly related to subduction processes. The Ni-Cu-(PGE) mineralization is represented by pyrrhotite, pentlandite and chalcopyrite formed as magmatic sulphides by the separation of sulphur-saturated melts at the final stages of parental melt differentiation. Common presence of violarite seems to be connected with hydrothermal alteration of pentlandite. Detected Pd-and Pt-bearing platinum-group minerals (PGM) are enclosed not only in all identified base-metal sulphides, but also in rock-forming silicate minerals and their alteration products (e.g., chlorite) indicating that formation of at least some of the PGM was closely associated with late-stage hydrothermal remobilization from the primary base-metal sulphides and/or their enclosed PGM. The I-PGE (Os-Ir-Ru) are concentrated in Ni-rich ores whereas Pd and Pt tend to be predominantly concentrated in Cu-rich ores forming their own PGM. All types of massive and disseminated ores show highly variable γOs (349 Ma) values from +50 to +134 contrasting with nearly constant 187 Re/ 188 Os values. This can be best explained by combination of variable incorporation of crustal material to parental melt and post-crystallization modification of Re-Os systematics by hydrothermal processes leading to removal of rhenium. In comparison to the Ransko Ni-Cu-(PGE) mineralization, the Rožany locality is characterized by much lower platinum-group element contents. The difference in identified PGM is slight, though, as the main PGE-carriers in Rožany-Kunratice are also Pt-As, Pt(Pd)-Te, Pd-Bi-Te and Pd-Ni-Te phases.
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